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Abstract 14 
 15 
The influence of the season and the biotic factors (age and gill mass) on metal and protein 16 
levels in the gill cytosol of the young chubs (2 and 3 years old) was studied in Sava River in 17 
autumn 2005 and spring 2006. The obtained results are the first reported cytosolic 18 
concentrations of five metals and proteins for the chub gills. The average levels in autumn and 19 
spring, respectively, for total cytosolic proteins were 11.2 and 19.9 mg mL-1, for Zn 6.3 and 20 
10.3 g mL-1, for Fe 3.9 and 9.6 g mL-1, for Cu 68.4 and 79.0 ng mL-1, for Mn 55.0 and 63.5 21 
ng mL-1, and for Cd 2.9 and 3.6 ng mL-1. The influence of the gill mass on both the protein 22 
and the metal levels was observed, but it was seasonally dependent. In autumn, positive 23 
correlations were obtained between the gill mass and four parameters (total proteins, Mn, Zn 24 
and Fe), and negative with Cu. Contrary, in spring, even negative correlations of total proteins 25 
 2 
and some metals with the gill mass were observed. The proposed explanation for the different 1 
dependence of metal levels on the gill mass in autumn and spring was the seasonal difference 2 
in feeding intensity and metabolic rate, with presumably faster metabolism and water 3 
filtration through gills in spring. This hypothesis was further supported by the statistically 4 
significantly higher concentrations of the total proteins, Zn and Fe, as well as the Fulton 5 
condition indices in the spring period. 6 
 7 
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Introduction 10 
 11 
To obtain more complete information on river water quality, it is not enough to determine the 12 
quantity of the chemical constituents in water. It is also crucial to define the effects that 13 
exposure to contaminants can induce in the aquatic organisms selected as bioindicators. Due 14 
to the several reasons, fish are often used as bioindicators. From the ecological point of view, 15 
fish are at the top of the aquatic food chain, and therefore mirror the combination of the biotic 16 
and abiotic conditions in the particular aquatic environment. In addition, their size and mass 17 
of their organs enable numerous analyses, while their long life span results in more 18 
pronounced effects, such as metal accumulation. Furthermore, since fish are used in human 19 
diet, it is also of primary importance to determine fish health status (Chovanec et al., 2003).  20 
 21 
In freshwater fish, the main uptake routes for metals are water filtering through the gills and 22 
food consumption through the digestive tract (Heath, 1995). Since the gill and the intestine 23 
are in direct contact with the ambient water and ingested food, these organs are expected to 24 
respond quickly to changes in metal exposure (Kraemer et al., 2005). The metal 25 
 3 
concentrations in the bioindicator tissues are usually determined in the completely digested 1 
tissue samples. However, Ferrarello et al. (2000) emphasized the significance of the cytosol 2 
fraction, because the metal ions, upon entering the cell, first react with the specific high 3 
molecular proteins, functioning as intracellular transporters. Therefore, in this study the metal 4 
concentrations were determined in the cytosol of the gill tissue of the European chub 5 
(Leuciscus cephalus L.), as the fish species widespread in European freshwater. 6 
 7 
Prior investigations conducted on different fish species indicated that tissue metal 8 
concentrations are directly or indirectly influenced by a very large set of abiotic and biotic 9 
factors (Andres et al., 2000). Large percentage of tissue metal concentration variability can 10 
be, for example, ascribed to the differences in the fish size or age (Phillips, 1980; Linde et al., 11 
1998). Therefore, it is important first to establish the relationship between the biotic factors 12 
and the cytosolic metal concentrations in two seasons, which are characteristic for the biota: 13 
autumn and spring. Only then the metal bioavailability in water, based on the metal 14 
accumulation in the fish tissues, could be assessed with more certainty and the appropriate 15 
sampling period could be selected. In our investigation, we have used the comprehensive data 16 
set obtained by sampling the fish in two seasons at five sites along the Sava River water-17 
course, to study the dependence of the cytosolic metal levels in the chub gills on the season, 18 
as well as on the fish age and size. 19 
 20 
Materials and methods 21 
 22 
Fish sampling 23 
 24 
 4 
Approximately 10-20 specimens of European chub (Leuciscus cephalus L.) per site were 1 
caught at five sites in Sava River (Croatia), in two seasons. The autumn sampling was 2 
accomplished within 10 days, at the end of September 2005. Due to the unfavourable weather 3 
conditions, the spring sampling, conducted during April and May 2006, lasted over one 4 
month. The selected sites (Figure 1) enclose the sector of Sava River water-course from Otok 5 
Samoborski (Croatian-Slovenian state border) to Jasenovac (the state border between Croatia 6 
and Bosnia and Herzegovina). The basic physico-chemical parameters of Sava river-water at 7 
selected sampling sites and the site coordinates recorded with GPSMAP 76CS (Garmin 8 
International, USA) are given in Table 1. The sampling was performed by electro fishing, 9 
according to the Croatian standard HRN EN 14011:2005. The captured fish were kept alive in 10 
aerated water tank till further processing in the laboratory. First, the biometric data were 11 
recorded, including the chub total length and total mass, while Fulton condition index was 12 
later calculated according to Rätz and Lloret (2003). The scales were taken dorsolaterally 13 
below the dorsal fin, and secluded for subsequent age determination. The age was determined 14 
by counting growth zones, which appear on calcified structures of fish body (scales), using 15 
optical microscope BH-2 (Olympus) (Ognev and Fink, 1956, Treer et al., 1995). After the fish 16 
were anesthetized with MS 222 (tricaine methane sulphonate, Sigma Aldrich) and sacrificed, 17 
the gills were isolated, weighted and stored at -80C until further analyses. Sex was 18 
determined by histological examination of chub gonads. 19 
 20 
Isolation of cytosolic fraction 21 
 22 
The gill tissue samples were homogenized by homogenizer (Glas-Col, USA) in ice cooled 23 
tube at 6,000 rpm. The samples were first diluted 6 times with cooled homogenizing buffer 24 
(100 mM Tris-HCl/Base (Sigma), pH 8.1 at 4C) supplemented with reducing agent (1 mM 25 
 5 
dithiotreitol (Sigma)). The homogenates were then centrifuged in the Sorval RC28S 1 
centrifuge (Kendro, USA) at 50,000g for 2 h at 4°C. Next, supernatant (S50) was separated 2 
and stored at -80C for subsequent metal and protein analyses. The supernatant (S50) 3 
represents water soluble cytosolic tissue fraction. 4 
 5 
Determination of total cytosolic protein concentration 6 
 7 
Total cytosolic protein concentrations were measured according to Lowry (Lowry et al., 8 
1951) in S50 tissue fraction. In the wells of microplate, 5 L of 10 diluted gill cytosols were 9 
added, followed by 25 L of Reagent A (copper tartrate, Bio-Rad) and 200 L of Reagent B 10 
(Folin reagent, Bio-Rad). The measurement was performed after appearance of the blue 11 
colour, on photometer Anthos Microplate Reader HT3 (Austria) at 750 nm wavelength. 12 
Calibration curve was created using five different concentrations (0.2-2 mg mL-1) of Bovine 13 
Serum Albumin (Serva) diluted in homogenizing buffer. 14 
 15 
Determination of cytosolic metal concentrations 16 
 17 
The concentrations of five metals (Zn, Fe, Cu, Mn and Cd) were measured in a duplicate in 18 
5 diluted S50 fraction of chub gills by Varian SpectrAA 220 atomic absorption 19 
spectrometer. Flame technique (air/acetylene) was applied for Zn (at 213.9 nm) and Fe (at 20 
248.3 nm) measurement, while graphite furnace with universal platforms (Varian GTA-100) 21 
was used for measurement of Cu (at 324.8 nm), Mn (at 279.5 nm) and Cd (at 228.8 nm). 22 
Deuterium lamp was used for background correction. External calibration was performed for 23 
each metal using the appropriate dilutions of respective metal stock solutions (1000 mg l-1 by 24 
Merck) in 5 diluted homogenizing buffer. The detection limits for five measured metals 25 
 6 
were following: Zn 0.007 mg L-1; Fe 0.015 mg L-1; Cu 0.354 g L-1; Mn 0.224 g L-1; and Cd 1 
0.023 g L-1. 2 
 3 
Statistical analyses 4 
 5 
Statistical analyses were performed using standard statistical package SigmaStat 1.0, and 6 
included descriptive statistics, Pearson correlation and linear regression analysis, as well as 7 
Two-way ANOVA followed by Bonferroni t-test. The graphs were created using the 8 
statistical program SigmaPlot 8.02 for Windows. 9 
 10 
Results 11 
 12 
The biometric parameters, as well as the cytosolic concentrations of total proteins and of five 13 
metals (Zn, Fe, Cu, Mn, Cd) in the chub gills obtained at five sites along Sava River water-14 
course in two seasons are presented in Table 2. The total number of chub specimens caught 15 
per season was 78 in autumn (10-22 per site), and 73 in spring (12-18 per site). The ratio 16 
between females and males in both seasons was 1.5:1. The chub age was mostly in the range 17 
from two to three years (95% of all analyzed fish), with only few older specimens (four or 18 
five years old). 19 
 20 
The influence of the season 21 
 22 
Two-way ANOVA, with season and site as independent factors, was performed on the entire 23 
data set (Table 2) to establish if the measured parameters differed between two seasons. Total 24 
length, total mass, gill mass and Cd concentrations were comparable in specimens caught in 25 
 7 
both seasons. Contrary, the statistically significantly higher levels of Fulton condition index, 1 
total proteins, Zn, Fe, Cu and Mn were obtained in spring period (p<0.05). Fulton condition 2 
index was 10% higher in spring compared to autumn, and the total protein concentration as 3 
much as 75%. Among four essential metals (Zn, Fe, Cu and Mn) whose concentrations were 4 
higher in spring, the most pronounced seasonal impact was obtained for iron and zinc (140% 5 
and 60% higher spring concentrations, respectively). Subsequently, the Bonferroni t-test was 6 
applied to establish if the seasonal differences were site dependent. Statistically significantly 7 
higher spring concentrations at all five sites were obtained for total cytosolic proteins, Zn and 8 
Fe (p<0.05), while Fulton condition index, although higher at all five sites in spring, was 9 
statistically significantly higher at only one site (Lukavec Posavski: p<0.05). Bonferroni t-test 10 
revealed that the seasonal differences in Cu level were not statistically significant at any site, 11 
while Mn level was statistically significantly higher in spring at two sites (Otok Samoborski 12 
and Lukavec Posavski: p<0.05). At some sites, as seen from Table 2, the concentrations of Cu 13 
and Mn were somewhat higher in autumn, indicating that seasonal impact on Cu and Mn level 14 
is not so significant as for Zn and Fe. 15 
 16 
The influence of the chub age and size 17 
 18 
Two-way ANOVA, with age and sampling site as independent factors, was performed to 19 
establish the age dependence of all measured parameters, for autumn and spring season (Table 20 
3). The statistically significant age influence was observed for four biometric parameters in 21 
both seasons, with increase towards the older age. The Bonferroni t-test revealed that the 22 
differences between all three age groups (2, 3 and 4 year old fish) in length, total mass and 23 
gill mass were statistically significant (p<0.05). Furthermore, the significant age dependence 24 
was recorded in autumn for total proteins, Fe and Mn, and in spring for Fe. However, except 25 
 8 
the statistically significant differences in the level of total cytosolic proteins between all three 1 
age groups obtained in autumn, the Bonferroni t-test pointed out only to the 4-year old fish as 2 
the specimens with statistically significantly (p<0.05) higher Fe and Mn concentrations 3 
compared to juvenile, 2-3 year old, fish. The differences in Fe and Mn levels within the group 4 
of juvenile fish were not observed.  The age influence was not observed for Zn, Cu and Cd in 5 
autumn, and for total proteins, Zn, Cu, Cd and Mn in spring (Table 3). Although only a small 6 
number of older fish (>3 years) was included in this analysis, the results indicate that the age 7 
may have a significant influence even on the cytosolic metal concentrations, if sexually 8 
mature fish should be used as bioindicators. However, our results have shown that, 9 
irrespective of the season, in the group of juvenile chub the age has a significant positive 10 
effect only on the fish size. 11 
 12 
The dependence of the cytosolic metal and protein concentrations on the chub size will be 13 
discussed only with the reference to the gill mass, due to the high positive and statistically 14 
significant (p<0.01) correlations between three biometric parameters associated to the chub 15 
size (length, total mass and gill mass). Figures 2 and 3 illustrate the dependence of the 16 
concentrations of total proteins and five metals on the chub gill mass in two seasons, autumn 17 
2005 and spring 2006, respectively. In autumn period (Figure 2), the positive correlations of 18 
different significance were obtained at all five sampling sites between the gill mass and four 19 
parameters: total cytosolic protein, Mn, Zn and Fe concentrations. The correlations were 20 
statistically significant (p<0.05) at three sites for total proteins, Mn and Zn (Figure 2a-c), and 21 
at one site for Fe (Figure 2d). As could be expected, the strongest correlations were obtained 22 
at two sites, Otok Samoborski and Jasenovac, where the specimens had the widest ranges of 23 
the gill masses (0.2-1.6 g and 0.2-2.0 g, respectively). Contrary, negative correlations between 24 
Cu concentrations and the gill mass were obtained at all five sites, being statistically 25 
 9 
significant at Otok Samoborski (p<0.01) (Figure 2e). For the nonessential metal Cd, it was not 1 
possible to establish clearly the dependence on the chub size, and the correlations with the gill 2 
mass varied from positive to negative. As seen on Figure 3, the positive influence of the gill 3 
mass on several measured parameters obtained in autumn have attenuated in spring period, 4 
leading to the absence of correlation or even to the appearance of negative correlations with 5 
the gill mass. The statistically significant negative correlations with the gill mass were 6 
obtained only for total cytosolic proteins at two sites, Otok Samoborski and Oborovo (p<0.05) 7 
(Figure 3a). 8 
 9 
Discussion 10 
 11 
There are only few reports in the literature regarding the metal bioaccumulation in the gills of 12 
the European chub (Leuciscus cephalus L.), and all of them refer to the metal levels in the 13 
whole gill tissue. The metal concentrations in the chub gills reported so far for the reference 14 
river sites are the Cd and Zn concentrations (0.02 g g-1 and 90 g g-1 wet weight, 15 
respectively) obtained in the unpolluted section of the river Lot, France  (Andres et al., 2000) 16 
and the concentrations of several metals in river Saricay, Turkey (Cd: 0.04 g g-1; Cu: 0.69 g 17 
g-1; Fe: 87.3 g g-1; Mn: 3.32 g g-1; Zn: 28.6 g g-1 wet weight) (Yilmaz et al., 2007). Our 18 
results (Table 2), therefore, represent the first data on the cytosolic metal concentrations in the 19 
gills of the chub, and the basis for the future studies. The highest cytosolic concentrations in 20 
the chub gills were obtained for essential metal Zn, followed by Fe. Copper and Mn mass 21 
concentrations were approximately 100 times lower, and Cd as much as 5000 times lower 22 
than Zn in the gill cytosol, which is consistent with the previous findings that high tissue 23 
concentrations of Zn in comparison to other metals are characteristic for fish (Moiseenko and 24 
Kudryavtseva, 2001). 25 
 10 
 1 
To achieve better insight in the natural changes of cytosolic metal concentrations in the chub 2 
gills, the influence of season, age and size was studied. The chub specimens used in this study 3 
can be regarded as sexually immature, since chub (Leuciscus cephalus) males become 4 
sexually mature at the age of four, and females at the age of five (Arlinghaus and Wolter, 5 
2003). The influence of sex was, therefore, not considered. The statistical analysis indicated 6 
that the age was not an adequate parameter for the explanation of metal variability in juvenile 7 
fish, either. Only the chub size was significantly influenced by age. However, we have found 8 
that in the group of young chubs, even the specimens of the same age can vary greatly in size 9 
at different sites, but also within the same sampling site (Table 2). Since chub lifetime 10 
amounts to 10-15 years, 2-3 year old fish should be considered as one age group of juvenile 11 
fish. The common parameter for expressing the individual growth variability, i.e. the fish size, 12 
described by length or mass, should be also a better indicator of the variability of the cytosolic 13 
metal concentrations in juvenile fish than the age. Giguère et al. (2004) recommended to 14 
consider the age as a relevant factor only for the studies conducted using the adult fish, while, 15 
similarly to our study, 1-2 year old perches were defined as the one group of young fish. 16 
 17 
The studies on the various fish species, as well as on different types of tissues lead to the 18 
contradictory conclusions regarding the metal concentration dependence on the fish size. The 19 
size dependence could not be clearly established for gill concentrations of Cd and Zn in the 20 
study on chub (Leuciscus cephalus), roach (Rutilus rutilus), perch (Perca fluviatilis) and 21 
bream (Abramis brama) in river Lot, France (Andres et al., 2000). The positive dependence 22 
was obtained for concentrations of Fe, Zn and Mn in gills of chub (Leuciscus cephalus) and 23 
pike-perch (Stizostedion lucioperca) in Beysehir Lake, Turkey (Tekin-Özan and Kir, 2006), 24 
while the negative dependence was reported for Cu and Zn in the gills of bream (Abramis 25 
 11 
brama) (Farkas et al., 2003) and Mn in the gills of moggel (Labeo umbratus) (Nussey et al., 1 
2000). A possible cause for this kind of opposite observations could be the sampling season. 2 
In our study, we have noticed striking difference between two seasons, autumn and spring, 3 
regarding the metal concentration size dependence in the chub gills (Figures 2 and 3). As 4 
opposed to autumn, when 30-50% of total protein, Mn and Zn variability could be attributed 5 
to differences in chub size (Figure 2), in spring this marked positive size dependence have 6 
decreased or even changed the sign (Figure 3). Only 12% of total protein variability could be 7 
associated to the changes of the gill mass in spring, and even less for the other parameters. 8 
The opposite correlation sign between the gill mass and several parameters in two seasons 9 
could be explained by the possible differences in feeding habits and metabolic rates in autumn 10 
and spring. It is well known that fish metabolism can vary depending on abiotic conditions 11 
(e.g. temperature), food availability, as well as on the phase of the reproductive cycle (McCoy 12 
et al., 1995; Köck et al., 1996; Olsson et al., 1996; Clements and Raubenheimer, 2006). Since 13 
the water temperature was mainly comparable in autumn and spring samplings (13-15C and 14 
12-19C, respectively), and the sampled fish were sexually immature, the observed seasonal 15 
differences were most likely the result of the higher food supply in the spring period, which 16 
lead to the increase of the water filtration through gills, as well as of the chub metabolic rate. 17 
Therefore, it can be hypothesized that the established autumn size dependences (positive for 18 
total proteins, Mn, Zn and Fe, and negative for Cu) reflect the basal relations in the period of 19 
the slower metabolism, while in spring an additional factor arises, and that is the metabolic 20 
rate. The ratio between the gill surface and the fish size decreases with the increase of the fish 21 
size (Pauly, 1981), leading to decreased ventilation and metabolic rate in the bigger fish 22 
(Neely, 1979). Consequently, the smaller fish, having faster filtration and metabolic rates, 23 
should also have higher metal and protein concentrations, i.e. metal and protein negative 24 
correlations with the size are the result of homeostatic regulation (Wiener and Giesy, 1979). 25 
 12 
Finally, in the period of the intense feeding and water filtration, the combination of two 1 
opposite influences, the basal positive dependence on the gill mass and the negative 2 
dependence on the metabolic rate, could result in very week or even negative correlations 3 
with the gill mass, as was the case in our study in spring. 4 
 5 
The hypothesis that the metabolic and feeding rates of the chubs caught in the Sava River 6 
during the spring period were higher compared to the autumn period can be further supported 7 
by the obtained seasonal differences for several measured parameters. The Fulton condition 8 
indices, which reflect the energy reserves and give the information about the recent feeding 9 
activity (Lambert and Dutil, 1997), were higher in spring than in autumn at all sampling sites 10 
(Table 2). The higher condition factors in the feeding months were also reported for the chubs 11 
in the İkizcetepeler dam lake in Turkey (Koç et al., 2007). Furthermore, the cytosolic 12 
concentrations of total proteins, Zn and Fe in the gills of the chubs sampled in April/May 13 
2006 in river Sava, were significantly higher compared to the sampling performed in 14 
September 2005 (Table 2). The seasonal changes of metal concentrations in fish tissues can 15 
arise due to the changes of the feeding and growth rate, as well as the result of the changes in 16 
the fish condition (McCoy et al., 1995; Farkas et al., 2002). The metal concentrations, 17 
especially for essential metals like Zn, increase following the increase of the metabolic 18 
activity (Andres et al., 2000).  19 
 20 
Conclusions 21 
 22 
The study on the gills of chub (Leuciscus cephalus) revealed that cytosolic concentrations of 23 
five metals (Zn, Fe, Cu, Mn and Cd) and total proteins in young, sexually immature fish (2-3 24 
years old) depend on the fish size. However, due to different metabolic rates in two seasons, 25 
 13 
characteristic for the biota, the size influence is seasonally dependent, as well as the levels of 1 
the cytosolic proteins and some essential metals (Zn and Fe). In the conclusion, due to the 2 
significant influence of the fish size and season on the cytosolic metal levels in the chub gills, 3 
these parameters should be taken in consideration when interpreting the results of the field 4 
studies, to obtain more reliable information on water pollution. 5 
 6 
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Figure captions 1 
 2 
Figure 1. The map of the section of Sava River selected for the sampling of chubs (Leuciscus 3 
cephalus), with denoted sampling sites. The site legend: OS - Otok Samoborski, SZ – Sava-4 
Zagreb, OB - Oborovo, LP - Lukavec Posavski, JAS - Jasenovac. 5 
 6 
Figure 2. Linear regression analysis: the dependence on the gill mass established for several 7 
parameters measured in the chub gill cytosol at five sites along Sava River in autumn 2005: a) 8 
total proteins, b) Mn, c) Zn, d) Fe, e) Cu, f) Cd. The site legend: 1-Otok Samoborski; 2-Sava-9 
Zagreb; 3-Oborovo; 4-Lukavec Posavski; 5-Jasenovac. The level of significance for Pearson 10 
correlation coefficients (r): ***p<0.001; **p<0.01; *p<0.05. 11 
 12 
Figure 3. Linear regression analysis: the dependence on the gill mass established for several 13 
parameters measured in the chub gill cytosol at five sites along Sava River in spring 2006: a) 14 
total proteins, b) Mn, c) Zn, d) Fe, e) Cu, f) Cd. The site legend: 1-Otok Samoborski; 2-Sava-15 
Zagreb; 3-Oborovo; 4-Lukavec Posavski; 5-Jasenovac. The level of significance for Pearson 16 
correlation coefficients (r): ***p<0.001; **p<0.01; *p<0.05 17 
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Table 1. Basic physico-chemical parameters of Sava river-water at the moment of fish catchments at five 
sampling sites in two seasons, autumn 2005 (A-05) and spring 2006 (S-06). The autumn samplings were 
performed from September 19th to 28th, and spring samplings from April 18th to May 25th. 
 
Sampling site Season 
Water temperature 
/ C 
pH 
Dissolved 
oxygen / % 
Conductivity 
/ S cm-1 
      Otok Samoborski 
N 45 50,543'  
E 15 43,497' 
A-05 
S-06 
14.4-15.6 
12.8 
7.84 
7.87 
78-83 
98 
410 
465 
Sava-Zagreb 
N 45 46,572'  
E 15 56,524' 
A-05 
S-06 
13.2 
11.5 
7.92 
7.86 
78 
94 
377 
473 
Oborovo 
N 45 41,286'  
E 16 14,875' 
A-05 
S-06 
13.7 
12.1 
7.84 
7.76 
80 
85 
346 
507 
Lukavec Posavski 
N 45 24,081'  
E 16 32,337' 
A-05 
S-06 
13.9-15.1 
11.7-17.1 
7.83 
7.59-7.85 
70-76 
81-83 
346-408 
415-495 
Jasenovac 
N 45 15,825'  
E 16 53,658' 
A-05 
S-06 
13.3 
19.5 
7.89 
7.59 
80 
76 
352 
403 
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Table 2. The biometric parameters and the concentrations of the total proteins and metals in the gill cytosol of the European chub (Leuciscus cephalus L.) 
caught at five sites in Sava River, in autumn 2005 (A-05) and spring 2006 (S-06) (averagestandard deviation) 
 
Site Season 
No. of 
samples* 
Total length 
/ cm 
Total mass 
/ g 
Gill mass 
/ g 
Fulton 
condition 
index 
/ % 
Total 
proteins 
/ mg mL-1 
Zn 
/ g mL-1 
Fe 
/ g mL-1 
Cu 
/ ng mL-1 
Mn 
/ ng mL-1 
Cd 
/ ng mL-1 
             
Otok Samoborski 
A-05 
S-06 
22 
14 
18.53.8 
17.62.2 
67.643.8 
57.325.1 
0.630.43 
0.540.28 
0.940.04 
1.000.07 
9.961.38 
27.66.5 
5.311.59 
11.32.3 
3.751.09 
10.22.9 
69.426.1 
73.314.7 
50.012.0 
70.917.1 
3.071.19 
1.750.31 
Sava-Zagreb 
A-05 
S-06 
15 
18 
19.51.4 
18.72.8 
72.517.4 
72.540.6 
0.700.20 
0.630.37 
0.970.05 
1.030.07 
13.52.8 
20.73.0 
6.792.31 
11.12.3 
3.660.92 
7.082.40 
76.617.4 
71.516.1 
64.711.9 
61.67.9 
2.100.42 
2.030.37 
Oborovo 
A-05 
S-06 
15 
12 
21.02.1 
20.42.8 
96.429.0 
97.140.1 
0.940.32 
0.770.33 
1.010.05 
1.070.09 
12.31.5 
17.43.9 
7.281.39 
10.81.6 
4.711.14 
9.343.09 
46.310.9 
79.839.1 
68.415.9 
59.918.4 
4.101.19 
4.541.80 
Lukavec 
Posavski 
A-05 
S-06 
16 
15 
16.21.3 
17.81.8 
39.310.4 
68.323.6 
0.370.13 
0.580.15 
0.900.06 
1.160.12 
9.621.16 
14.82.8 
5.291.77 
8.452.02 
3.961.16 
8.931.87 
83.842.8 
74.720.7 
39.97.9 
59.311.9 
2.520.42 
6.526.81 
Jasenovac 
A-05 
S-06 
10 
14 
19.94.3 
20.71.5 
91.166.9 
98.525.8 
0.810.63 
0.800.19 
0.990.09 
1.090.07 
11.32.7 
18.42.6 
7.433.16 
10.52.0 
3.590.79 
12.52.3 
64.318.2 
93.232.9 
54.022.3 
67.711.6 
2.501.04 
2.512.17 
All sites 
A-05 
S-06 
78 
73 
18.93.2 
19.02.6 
71.340.8 
77.835.1 
0.670.40 
0.660.29 
0.960.07 
1.070.10 
11.22.4 
19.95.8 
6.252.16 
10.32.3 
3.941.10 
9.553.04 
68.428.3 
79.027.1 
55.017.0 
63.513.3 
2.901.15 
3.603.87 
 
* In both seasons, due to the small volume of cytosol, the concentrations of metals were not measured in all samples (number of samples for metal analyses in autumn: Zn, Fe, Mn - 77; Cu 
and Cd - 76; in spring: Zn - 65; Cd - 62; Fe, Cu - 61; Mn - 59). 
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Table 3. The influence of the chub age on the biometric parameters, total 
cytosolic protein and metal concentrations in two seasons: Two-way ANOVA 
with age and sampling site as independent factors. The parameters exhibiting 
the significant age dependence (p<0.05) are presented with bold numbers.  
 
 Autumn, 2005. Spring, 2006. 
 
2 
years 
3 
years 
4 
years 
2  
years 
3 
years 
4 or 5 
years 
       
n 42 31 5 27 42 4 
       
Length / cm 17.2 19.6 25.8 17.1 19.9 22.4 
Total mass / g 51.1 77.7 172.7 52.8 89.6 135.1 
Gill mass / g 0.46 0.76 1.59 0.45 0.76 1.06 
Condition 
index / % 
0.95 0.96 1.03 1.01 1.10 1.14 
Total proteins 
/ mg mL-1 
10.5 11.6 14.8 21.2 19.0 19.9 
Zn / g mL-1 6.19 6.34 8.07 10.2 10.5 10.7 
Fe / g mL-1 3.61 4.05 5.11 9.08 9.48 13.2 
Cu / ng mL-1 70.4 66.3 64.3 83.7 77.0 73.3 
Mn / ng mL-1 52.2 54.7 75.2 65.6 63.3 63.5 
Cd / ng mL-1 2.87 2.73 3.39 3.77 3.39 3.07 
  
 
